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ABSTRACT

Zooplankton abundance in the cehtrzyl Pacific was investigated on
four cruises of the Hugh M. Smith in 1950 and 1951. Quantitative
oblique hauls were made to 200 meters’ depth, employing 1-meter nets
of 30xxx grit gauze. Composition of the collections was remarkably
uniform and averaged by number 57 percent Copepoda, 12 percent
Chaetognatha, 6 percent Tunicata, 5 percent Euphausiacea, 4 percent
Siphonophora, and 4 percent Foraminifera. An analysis of variance
of zooplankton volumes demonstrated significant differences between
day and night hauls, between cruises, and among latitudes but not
between longitudes.

The greatest abundance, both by number and volume, of zooplankton:
occurred in the region of the Equator. The rich zone, extending from
about 6° N. to 5° S. latitude, supported populations three to four
times as great as more northerly or southerly latitudes. The greatest
concentrations were found north of the Equator, when related to a
“convergence;” when no marked convergence existed the peak of
abundance was displaced a few degrees southward. The abundance
of zooplankton was correlated with inorganic phosphate, oxygen, tem-
perature, -and thermocline depth. These environmental factors are .
influenced by upwelling associated with the equatorial divergence,
which replenishes the supply of nutrients in the euphotic zone and
creates favorable conditions for the growth of plant and animal life.
While the data presented do not give a measure of the rate of produc-
tion, they do provide a useful index to the relative productivity of
different areas of the central Pacific.
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ZOOPLANKTON ABUNDANCE IN THE CENTRAL PACIFIC'

By JOSEPH E. KING, Fishery Research Biologist, and
JOAN DEMOND, Fishery Aid

The Pacific Oceanic Fishery Investigations is
authorized and directed to gather information
which will ensure the maximum development and
utilization of the high-seas fishery resources of
the United States territories and island posses-
sions in the tropical and subtroplcal Pacific. One
project of fundamental importance in the research
program concerns the relative productivity of
different areas of the sea.

Productivity has been defined by Ivlev (1945) as
the “capacity of a body of water to produce a
given quantity of organic matter in some particu-
lar form.” A direct measurement of the “rate
of production” (Clarke 1946) would require that
all processes by which organic matter is built
up and destroyed be known and that the rates
of these processes be determined. This is difficult
to do and seldom has been done even for enclosed
bodies of water. In mid-ocean the difficulties are
vastly greater. We believe, however, that rela-
tive productivity, or productivity as defined by
Ivlev, may be estimated indirectly by measuring
the amounts of basic chemical nutrients in the
water and the standing crops of plankton and
fish. This report considers the quantity of
zooplankton, 1 of the 2 main constituents of the
total plankton crop, and its relation to certain
physical and chemical factorsin the central Pacific
environment.

Zooplankton is essential food for much of the
vertebrate fauna of the sea. It is utilized both
directly and indirectly by tunas (the group of
fish presently under study by these investiga-
tions). Kishinouye (1924) and Imamura (1949)
have shown that zooplankton is prominent in the
food of juvenile tunas. A variety of zooplankton
organisms has also been observed in the food of
adult tunas (Kishinouye 1917; Beebe 1936;
Suyehiro 1942 ; Clemens and Wilby 1946 ; Reintjes
and King 1953). The bulk of the zooplankton,
however, reaches the tuna indirectly, being uti-

lized by plankton -feeding -unmals which a,re m
turn eaten by the tunas.

Potential food-fish resources are hkely to exist
in proportion to the amount of substance available
for their nutriment. When vast areas of the sea
are to be investigated, the several physical, chem-
ical, and biotic properties of water associated with
the production of nutriment for fish can be more
readily and reliably surveyed than the abundance
of the fish themselves. "This report is concerned
with the zooplankton from the particular view-
point of its usefulness as an indicator of the
relative productivity of the various p01t10ns of
the area covered.

The literature includes a number of "papers
dealing with the plankton of the tropical and sub-
t10p1c'11 Pacific. One of the most valuable of
these is the report by Graham (1941) on plankton
collections taken by the Carnegic in the eastern
and central Pacific. Kramer (1906) reported on
a series of collections extending from Samoa to
the Marshall Islands. Jesperson (1935) described
results obtained by the Dana while traversing a
series of stations reaching from Panama to the
western Pacific, south of the Equator. For the
western Pacific there are the publications of
Matsuya (1937), Motoda (1940}, Haneda (1942),
and Tokioka (1942), which deal mainly with;
the plankton of lagoon, bay, and coastal waters
but also provide some data on offshore plankton.
The several papers of Marshall (1933), Russell
(1934), and Russell and Colman (1931, 1934,
1935) supply a wealth of information on the
plankton of the Great Barrier Reef Lagoon, but
little on oceanic plankton. The papers of Johnson
(1949) on the plankton of Bikini, and Sargent
and Austin (1949) on the productivity of an atoll
in the northern Marshalls, also deal primarily
with the lagoon environment. The California
Cooperative Sardine Research Program—a coop-
erative undertaking of the Scripps Institution of
Oceanography, the United States Fish and Wild-
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life Service, the California Department of Fish

and Game, the California Academy of Sciences, -

and the Hopkins Marine Station of Stanford
University—is collecting considerable informa-
tion on the zooplankton- of the eastern Pacific
Ocean in subtropic and temperate latitudes. This
organization has supplied our laboratory with
copies of its unpublished data, which, when com-
pared with our.own results, show interesting dif-
ferences between the zooplankton crops of the
eastern and central Pacific. Reports of many of
the expeditions which have entered the Pacific,
such as those of the Challenger, the Albatross, and
the Meteor, provide extensive information on the
systematics and distribution of species or groups of
the zooplankton, but supply little quantitative
data-that may be used to evaluate the zooplankton
crop in the different regions visited.

The authors wish to acknowledge their in-
debtedness to Dr. Milner B. Schaefer,! under
whose direction this project was initiated, and
to Dr. Albert L. Tester ? for his very valuable
assistance in the statistical phases of the study
and his constructive criticism of the manuscript.

1 Formerly chief, Section of Research and Development, Pacific
Oceanic Fishery Investigations; presently director of Investiga-
tions, Inter-American Tropical Tuna. Commission,

2 Professor of Zoology, University of Hawali.

We are also grateful to fellow staff members and
the officers and crew of the Hugh M. Smith for
their interest and efforts in obtaining this exten-
sive series of collections.

COLLECTION OF ZOOPLANKTON
SAMPLES

AREAS SAMPLED

This study is based on, 210 collections made in
the central Pacific on cruises 2, 5, 7, and 8 of the
United States Fish and Wildlife Service vessel
Hugh M. Smith in 1950 and 1951. Cruise 2 was
made in January and February 1950; cruise 5 in
June, July, and August 1950; cruise 7 in October
and November 1950; and cruise 8 in January,
February, and March, 1951. Thus, there were 2
cruises (2 and 8) at a time corresponding to the
northern winter season, and 1 cruise each (5 and
7) for summer and autumn. The approximate
locations of the stations are shown in figures 1a
and 1b, and more exact positions are given in
tables 1,2, 3, and 4. The data are distributed in 7
long north-south sections, 6 of which cross the
Equator, and in a number of shorter series-of
stations (cruise 8).



Fraure 1a.—Plankton-station positions of the Hugh A, Smith.
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TaBLE 1—Cruise 2: Estimated numbers and volumes of zooplankton collected, January to March, 1950

Position
: Nuamber of or- .
Station No. Date Time ! \’Vateill'lsl!.ura‘med. ganisms pet Wet ;gz":lnf'
Latitude Longitude m.
A, Ob}gque tows to 200 m. (1-meter net, 30XXX
mesh):
23°54’ N, 166°51' W, | Jan. 28 1100-1128 757.2 15 0.0079
20°59’ N. 168°16' W, | Jan. 27 1401-1419 539.2 20 0137
13°54’ N. 171°36° W. | Jan. 30 0326-0351 937.5 15 .0115
12°02" N. 172°04' W, [___do.___. 2315-2337 837.5 15 L0129
10°02' N. 171°55° W. | Jan. 31 1046-2003 544.5 9 L0092
8°00" N. 171°48’ W. | Feb. 1 1745-1805 631.2 25 L0177
6°07° N 171°56’ W. | Feb. 3 1300-132% 1,020.0 45 .0285
3958’ N. 172°00' W. | Feb. 4 0855-0921 837.5 13 . 0349
2°00" N, 172°05’ W. | Feb. & 0245-0321 1,(47.0 61 L0714
0°00 171°59 W. | Feb. 6 0250-0326 1,140 109 . 0826
2°00° 8 172°02' W. |._.do._._. 2235-2257 782.5 25 . 0549
- 4°00' 8 171°5%' W. | Feb. 7 1646-1712 604.0 44 . 0236
B. Oblique tows to 200 m. (2-meter net, 3{s-inch
mesh, rear section 18XXx mesh):
e a———— 23°10' NI, 167°00° W, | Jan. 26 1921-1959 8, 706.0 1 .
15°00' N. 171°06' W, | Jan. 29 1746-1811 3,852.4 .8 .Q019
13°00° N. 172°00' W, | Jan. 30 12131240 3,185.5 .3 . 0009
11°03’ N. 172°00° W. | Jan. 31 1035-10568 3,610.5 1 . 0032
9°00’ N. 172°00 W. | Feb. 1 05480635 8,051.4 7 . 0040
7°00’ N. 172°00' W. | Feb. 2 1827-1858 3,716.6 3 . 0081
5°02' N. 172°01' W. | Feb. 4 0034-0112 5,232.2 3 . Q101
2956/ N. 17204' W. (...do___._ 1824-1855 4,644.9 10 . 0117
1°01’ N. 172°09' W. | Feb. § 1624-1647 2,360.9 6 L0122
1°01” 8. 172°00' W. | Feb. 6 1236-1259 2,453.4 |- 5 L0114
3°00° 8. 172°04' W, | Feb. 7 0755-0779 3,226.8 5 .0146
__________________________________ 5°02' 8. 171°53’ W. | Feb, 8 0230-0252 2,570.6 1 . 0012
4°56’ 8. 155°18’W. | Feb, 18 0545-0616 1,300.5 83 0451
3°06’ 8. 158°21’ W. | Feb. 19 0212-0243 1,067.0 38 . 0370
1907’ 8. 158°28' W, |.__do._... 2200-2232 1,231.0 &7 . 0911
1°02' N, 15%°05' W. | Feb. 20 1030-1101 1,357.2 64 .0721
3°02’ N. 157°51' W. | Feh, 22 1820-1850 1,035.3 D759
5°00° N. 157°59' W. | Feb, 23 1255-1324 1,130.0 26 . 0088
7°00’ N. 157°58' W. | Feb, 24 07250756 1,148.0 27 . 0082
8°53' N. 157°54’ W, | Febh, 25 0025-0056 1,112.0 62 . 0622
11°02' N. 158906’ W. |-..do_____ 2220-2302 1,284.8 19 .0139
13°02' N. 157°51’ W. | Feb. 26 1830-1901 1,084.5 16 .0037
14°57" N. 157°59' W. | Feb. 27 1325-1356 1,332.5 5 . 0022
19°00° N. 157°42’ W. | Mar. 1 02150246 1,310.0 23 0176
3°53' 8. 157°47' W. | Feb. I8 1604-1636 1, 066.0 17 . 0255
2003’ 8. 158°28’ W. | Feb. 19 1231-1304 1,105.5 3 . 0054
0°04’ 8. 158°22' W. | Feb. 20 0900-0031 1,307.8 4 . 0044
2°03' N. 158°08' W. | Feb. 21 2045-2116 1,272.5 18 . 0520
4°03’ N. 157°53' W. | Feb, 23 0412-0442 1,205.5 4 . 0499
6°00° N. 158°03' W, |__.do.___. 21502251 1, 560.0 12 .0329
8°02° N. 157°49' W. | Feb, 24 16071838 1,190.5 6 . 0049
9°55’ N. 157°54' W, | Febh, 25 (0521023 1, 567.0 1 . 0003
12°01’ N, 15803’ W. | Feh. 26 07250755 1,772.8 1 . 0003
14°00’ N. 157°51 W. | Feb, 27 0427-0500 1,232.8 11 . 0190
17°01' N, 157°56' W. | Feb, 28 0730-0801 1,620.0 2 .0019
20°5¢' N, 158°04' W. | Mar. 1 2056-2136 2,012.8 3 . 00563

1 Time corresponding to 11 zone time (Greenwich Civil Time —11 hours) was used for all stations 1 to 26, and 410 zone time on stations 30 to &3.

TABLE 2.—Cruise 5: Estimated numbers and volumes of zooplankion collected, June to August, 1950
[All tows oblique, surface to 200 m. to surface; all nets with body of 30XXX grit gauze, cod end of 56XXX grit gauze]

Position
i Number of ar-
Station No. Date Time! Water stm'med ganisms per Wet volums.,
] i in m. ms ce. per m.
Latitude Longitude :
27°00’ N. 175°11’ W. | June 30 0945-1012 1,248.7 26 0.0118
25°00’ N, 174°10° W. | July 1 0253~0325 1,322,7 46 L0271
22°58’ N. 173°00' W, |-..do_..._ 2315~2337 1,343.9 40 .0176
21°0¢ N. 172°00' W. | July 2 0415~0431 730.5 33 . 0254
16°00’ N, 171°52' W. { July 3 0807-0831 1,2564.8 35 .0174
17°01’ N. 171°46° W, {.__do____. 1219-1246 1,434.4 22 .0388
15°00° N. 171°5¢' W. | July 4 1649-1710 888.1 45 .0216
14°00° N. 171°57 W. { July 5 0123-0145 854.8 40 . 0234
13°00° N. 172°01’ W, |.._do_____ 0950-1019 1,327.5 32 0125
12°00° N. 1815-1833 882.8 14 . 0084
11°03' N, 0315-0342 1,333.3 34 : . 0374
9°54' N, 12131244 1,777.0 20 . 0252
8°54¢' N 2012-2036 1,190.2 31 . 0301
7°59' N 0350-0420 1,623.7 18 N
8959’ N. 1226-1258 1,579.4 27 . 0204
6°02' N. . 2130-2201 1,382.2 30 .0338
5°00" N. 172°02' W. 0845-0018 1,821.1 40 .0226

Footnote at end of table.
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“TABLE 2.—Cruise 5: Estimated numbers and volumes of zooplankton collected, June to August, 1950—Con.

Position Number of or- | Wet volume,
Station g Time ! ganismas per ce. per m.3
Latitude Longitude m-

4°00" N. 172°03' W. 1650-1729 1,346.2 65 . 0385
3°00° N 172°01' W, 0038-0101 1,063, 8 50 . 0410

2000 N 171°53' W, 0833-0909 1,800.2 53 R
0°54’ N, 172°12' W, 1746-1%15 1,586.0 7 . 0556
0°08’ 172°02' W. 0143-0214 1,943. 8 94 . 0604
1°00° 8 171°57" W, 0925-0951 1,256.9 107 .0742
2°00’ 8, 171°55' W. 1740-1800 1, 406.4 52 . 0452
20507 8, 171°59' W, 01330201 1,309.9 68 . 0664
4°05’ 8. 171°56’ W. 1055-1127 1,585.3 36 .0230
5°04’ 8, 171°58' W, 2110-2141 1,632.8 27 L0315
4956’ 8, 158°02' W, 055606514 1,384.8 20 . 0087
4°0 8, 158°03' W, 1324-1338 642.8 47 .0239
3°08’ 8. 158°0)° W, 2137-2200 873.7 46 . 0490
2003 8. 158°00° W. 0550-0607 648.3 45 . 0253
1°00° 8. 158°01’ W. 1418-1436 996.0 43 . 0239
0°02’ 8, 157°58' W, 222]1-2239 773.0 76 . 0880
0°57° N. 157°57' W, 06460715 1,528.5 44 . 0347
2°00° N. 158°07' W. 1532-15563 851.2 2 . 0658
3°0¢" N. 157°58' W 2302-2324 972.8 93 .0701
4°02’ N, 158°03’ W. 0840-0707 1,652.5 75 .0783
°00’ N. 158°00° W, 1750-1816 1,175.4 4 . (6ol
6°00' N, 157°57' W, 0144-0214 1,313.7 35 . 0449
7°00° N, 157°57' W. 08540019 954.3 43 . 0258
8°00° N 157°50° W, 1620-1704 3,361.5 31 . 0230
9°00’ N. 157°55' W. 0020-0046 1,136.6 38 . 0531
10°0¢/ N. 157°53' W, 0744~0812 1,597.8 23 L0225
11°00’ N. 157°55' W, 1546-1615 1,141.7 40 L0242
11°59° N. 58°04’ W, 2343-0008 1,034.5 32 .0327
13°0(" N. 157°58' W, Q8000827 1,455. 8 19 .0158
14°00’ N, 157°54' W. 1439-1709 1,305.7 18 . 0201
14°68" N. 157°65' W, 0253-0311 5928 19 . 0246
17°00' N. 158°08" W, 1741~1805 934. 8 38 0214
19°02' N. 15769’ W. 1005-1031 1,035.0 29 . 0357
20°53’ N. 158°02' W. 2300-2324 852.2 37 . 0289

1411 zone time on stations 1 to 27, 410 zone time on stations 2§ to 51.

TABLE 3.—Cruise 7: Estimated numbers and volumes of zooplanton collected, October to November 1950

[All tows oblique, surface to 200 m. to surface; all nets with body of 30XXX grit gauze, cod end of 56XXX grit gauze]

Position Number of or- |
Station No. Time ! ganisms per | ‘ot PO
Latitude Longitude m.

20°30° N. 158°00° W. 1925-1955 . 44 0.0353
19°1¢ N. 158°02' W. 0532-0800 7. 44 . 1025
18°13’ N. 158°00° W. 1326-1355 A 30 . 0288
17°1¢/ N. 158°00° W. {___ 2159-2225 683. 27 . 0208
16°11 N, 157°57’ W. 0506-0530 5 21 . 0268
15°02' N, 157°58' W, 1250-131% L 2 14 . 0300
14°03° NI, 157°50' W, 19211955 1,220.6 2 .0274
12°57’ NI. 157°57' W. 03300353 730.6 64 . 0567
12°25’ N, 158°00° W. 1729-1804 1,217.9 38 .0345
11°08’ N, 158°01' W, 1526-1556 1,373.5 42 . 0298
10°01° N. 157°55' W. 07240804 1,426.0 40 . 0296
8°52' N. 157°45° W, 722-0751 956. 9 37 . 0169
8°05’ N, 157°15° W, 0742-0813 1,413.5 19 .0119
7°17 N. 157°04" W, 0727-0805 1,608.8 32 L0182
5°57’ N, 157°05' W, 0737-0810 1,572.1 59 . 0682
51 N 157°%' W, 4725-0809 2,206, 2 65 Q568
4003 N 157°30° W, 0912-0945 1,872.1 40 L0348
3°17” N, 157°53° W, 0802-0837 1,314.0 50 . 0853
2°01’ N 157°34’ W, 0812-0344 1,587.3 75 . 0741
07’ 162°06’ W. 0501028 1,930.3 28 L0204
6°13’ N 163°05’ W. 08100837 1, 585, 8 63 . 0483
6°59' N 163°54’ W. 08080841 1,749.1 22 . 0149
7°24’ N, 164°25' W, 0806-0838 1,442. 4 7 .0147
6°31’ N. 165°45’' W. 0813-0847 1,621 5 23 0166

410 zone time on stations 1 1o 21, +11 zone time on stations 22 to 24.
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TABLE 4—Cruise 8: Bstimated numbers and volumes of zooplankton collected, January to March, 1951
[All tows oblique, surface to 200 m. to surface; all nets with body of 30Xxx grit gauze, cod end of 56XxX grit gauze]

Position
; Number of or-
Station No. Date "Tire ! W.-m;,r.‘ sr:‘{ ained,| " ganisms per “é:t ggg‘:};“f’
Latitude Longitude ms

20°48' N. 157°3) W. | Jan. 14 2012-2048 937.3 27 0. 0154
18°47’ N, 158°01' W. | Jan. 15 1449-1504 625.9 23 . 0105
14°30’ N. 158°00° W. | Jan. 17 0925-0940 433.1 43 .0236
12°57’' N.. 157°58' W. do___. 2251-2318 819.0 46 .0310
11°59° N. 157950’ W. | Jan. 18 0811-0836 1,363.0 24 . 0094
11°00’ N. 157°53' W. [___do__.__ 1633-1658 1,309.9 36 . 0093
10°00° N. 157°56° W. | Jan. 19 02240255 1,830.5 30 . 0251
9°00’ NI. 1154-1216 085.1 33 . 0166
§°04° N. 2024-2047 1,244.0 31 . 0190
7°08' N, 0615-0645 1,209.2 74 0477
5°59' N. d 1505-1537 1,807.5 34 . 0186
5°00" N. _-d 2338-2357 976.3 32 L0174
3°54’ N. 157°64’ W. | Jan. 21 1100-1118 984.1 31 .0118
3°02’' N. 157°57 W, |___do..... 2135-2155 1,018.2 43 . 0265
2°00’ N. 158°01’ W. | Jan. 22 0802-0831 1,6825.2 .30 . 0146
0°58’ N, 15807 W, |._.do...._ 1730-1754 1.529.1 a3 . 0220
0°01’ N, 168°02' W. | Jan. 23 0323-0356 1,025.6 32 . 0370
0°55’ 8. 157°54° W, (__.do_____ 120)8-1233 1, 509. 4 €N . 0478
2°00° 8. 158°00° W. |._.do_____ 2312-2336 1,273.4- 80 . 0558
3°04’ S, 158°05’ W. | Jan. 24 0744-0808 1,270.9 48 -, 0257
4°00° 8. 158°00° W. |___do___.. 1550-1614 1,070.4 36 . 0178
5°00° 8, 153°00° W, |...do.__.. 23302350 885. 8 46 . 0666
4°01’ 8. 158°08° W. | Jan. 25 0741-0800 1,234.2 48 . 0266
700 8. 158°01' W, |._.do...._ 1548-1616 1,352.6 23 . 0092
6°57’ N. 154°56’ W. | Jan. 31 0208-0238 - 1,521.4 39 . 0251
5°58" N. 155°08' W. |.._do.._.. 1040-1060 948. 4 35 . 03256
5°00’ N. 155°28° W. [___do_____ 1836-1902 1,483.2 36 . 0284
4°04’ N, 155°48’ W. | Feb. 1 02230 1,254.0 49 . 0340
3°06’ N. 156°09' W. |___do..... 1040-1081 1,676.0 66 . 0348
2°00° N, 156°30° W. |.__do._... 1835-1902 1, 556.8 46 . 03156
6°50' N 157933’ W. | Feb, 3 0612-0839 1,680.3 22 . 0145
8°04' N 157°53° W. |___do._... 1337-1404 1,401.1 21 .0126
5°00° N 158°3¢' W. |.__do..... 9245-2309 1,245.7 31 . 0204
4°05' N. 158°53° W. | Feb. 4 07060727 1,063.9 41 L0177
3°03' N. 156°10' W. | Feb., 6 0441-0513 1,881.2 2 . 0254
1°57 N. 150°39' W. |___do...._ 1343-1419 1,619.8 26 . 0106
8°59' NI, 161°12’ W. | Feb. 7 1025-1049 1,744.5 29 L0224
5°55' N. 161°28° W. | Feb, 8 2030-2056 1,014.2 33 L0313
4°52' NI, 161°48’ W. | Feb. 0 04430513 1,835.9 33 . 0276
3°58’ N. 162°02° W, (__.do____. 1119-1143 1,488.0 17 . 0118
2058’ N. 162°25° W. [___do..... 19101048 1,819.0 30 . 0303
°00’ N. 162°57 W. | Feb. 10 0259-0327 1,514.6 31 . 0354
6°44' N, 165°23’ W. | Feb. 11 1652-1718 1,330.2 21 . 0170
5951’ N 165°28’ W. | Feb. 12 0021-0048 1,647.2 31 . 0368
4°58' N 185°38 W. | ___do____. 0758-0824 1,432.3 23 . 0176
3°59' N 166°01” W, |...do._.._ 1626-1653 1,743.6 2 .0118
3°00° N, 166°36° W. | Feb. 13 0100-0130 1,760.7 37 . 0359
2°04’ N 166947 W. |...do..... 084 13 1,618.2 26 L0248
1902’ N, 16702 W, |___do..._- 1815-1839 1,116.2 52 . 0408
0°01' N 16723’ W. | Feb. 14 0240-0308 1,433.5 47 L0473
1908’ 8 167°36’ W. |_._do._... 1132-1156 1,420.4 23 L0172
2°01/ 167°42° W, [___do____. 1903-1930 1,7856.8 37 . 0320
3°05 8, 167°50’ W. | Feb. 15 0323-0353 1,740.7 34 . 0295
4°00 8, 167°58' W, | ._do....- 1041-1109 2,008.7 20 0176
5°03 8. 168°09° W. 1 __do.___. 1819-1848 1,042.1 19. L0176
5059’ 8. 168°29” W. | Feh. 16 0208-0241 2,424.3 33 . 0332
7°04’ 8. 168248 W. | ._do_.... 0923-0953 2,308.6 24 . 0100
14°30° 8. 171°51” W. | Feb. 26 1931-1958 1,876.1 28 . 0154
11°56° 8. 171°59° W. | Feb. 27 11281157 1,918.4 26 .0115
10°05° 8. 171°52* W. | Febh. 28 02450309 1,735.6 41 . 0226
800 8. 171°56° W. [ __do.____ 1821-1846 1,452.5 29 . 0153
7°01" 8. 171°54° W. ( Mar. 02380303 1,045. 2 52 . 0201
5959 8. 172°00° W. |.._do..__. 11181144 1,399.9 22 . 0100
5°00° 8. 172°15° W. §___do___.. 1930-1955 1,507.6 23 . 0202
°00’ 8. 172°06° W, | Mar. 2 0735-0758 1,510.7 18 . 0101
3°00’ §. 171°50° W, [___do___.. 1537-1805 1,510.7 20 . 0146
2°00° 8. 172°02° W. | Mar. 3 1612-1641 1,503.0 21 . 0109
0°57 8. 172°00° W, | Mar. 4 0047-0115 1,392.3 43 . 0394
0°09’ N. 171°58' W, |._._do..__- 0926-0947 1,066.0 56 . 0345
1°04’ NI, 172°00° W. |__.do.___. 1702-1727 979.6 73 . 0398
1°54' N. 172°02' W. | Mar. § 0034-0101 1,854.7 57 . 0548
2°48' N, 172204 W. |.__do_____ 0R34-0858 1,332.4 48 . 0435
3°57 N 172002' W, {___do.._.. 1816-1842 1,221.9 44 . 0367
4°56/ N 171954’ W ar. 6 0249-0315 1,621.0 51 . 0369
§°55' N. 171°50° W. | __do-..._ 1105-1130 1.428.2 43 . 0242
6°58' N 171°49' W. |___do..... 1939-2011 1,907.6 24 . 0244
7°56' N 171°51’ W. | Mar, 7 0407-0433 1,498.1 22 L0139
o0 N 171°68° W. |___do.._.. 1315-1339 1,530.7" 13 . 0094
10°02’ N 171956 W, [___do____. 2147-2213 1,538, 1 22 L0127
11°02' N 171°52’ W, | Mar. 8 0602-0629 1,576.9 23 . 0115
12°00' N 171°62' W. |._.do..__. 1417-1443 1,507.0 11 . 0097
13°01' N 171°48' W. [___do____. 2236-2301 1,720.6 20 .0192
13°58' N 171°24’ W, | Mar. 9 0650-0713 1,2714.5 15 0008
15°00° N 170°52°' W, (___do.__._ 1557-1619 1,313.9 23 0100
18°58° N. 169°42' W, | Mar. 10 (00130940 1,993.3 25 0181
18°58’ N, 168°27’ W, | Mar. 11 0207-0235 1,941.0 17 0145
20°59 N. 167°07' W. |...do.____ 1913-1940 1,938.5 24 0145

1 4-10 zone time on stations 1 to 49, -}-11 zone time on stations 50 to 106.



118

Cruises 2, 5, and 8 were combined hydrographic
and plankton cruises, and thus provide informa-
tion on currents, temperatures, oxygen, and in-
organic phosphate for comparison with the
zooplankton abundance. On cruise 7, which was
a combination longline-fishing and plankton
cruise, subsurface (to approximately 800 feet)
and surface temperatures were obtained at all
plankton stations.

SAMPLING IN THE FIELD

- "Although the primary aim of our plankton
sampling was to obtain information on the zoou-
plankton populations of different ocean areas, a
secondary objective was to collect tuna eggs and
larvae for use in the study of the spawning habits
of tuna. Sampling methods and procedures were
therefore designed to contribute information to-
ward both objectives.

Plankton nets of the following three types were
used on cruise 2:

1. 1-meter (mouth diameter) net with body (front
and middle sections) of 30xxx silk grit gauze (width of
apertures 0.65 mm.), rear section and bag of 56xxx silk
grit gauze (width of apertures 0.31 mm.) ;
= 2, 1-meter net with body of 18xxx grit gauze (width
of apertures 1.3 mm.), rear section and bag of 30xxx
grit gauze; and

3. 2-meter net with body of 34g inch square cotton
mesh, rear section and bag of 18xxx grit gauZze.

FISHERY BULLETIN OF THE FISH AND WILDLIFE SERVICE

The results of this cruise showed that the
1-meter net with a body of 18xxx grit gauze re-
tained considerably less zooplankton than the
30xxx net; the 2-meter net captured almost no
zooplankton and few fish or other large forms.
Some preliminary tows, the results of which are
not included in this report, indicated that nets of
56xxx and 72xxx grit gauze retained the larger
phytoplankton as well as zooplankton, thus mak-
ing analysis of the sample more difficult. On the
basis of this experimentation and a review of meth-
ods used by other investigators for sampling
zooplankton, we adopted the 1-meter, 30xxx net
(fig. 2) as being the best suited for our purposes.
Nets of this type were employed exclusively on
cruises 5, 7, and 8.

In this study, sampling was limited to a single
tow at each station. For this reason, we chose to
use, for the greater part, an oblique tow (surface
to 200 meters to surface) of approximately 30
minutes’ duration. On cruise 2, both oblique and
surface tows were used, but on all subsequent
cruises the oblique tow was the only type em-
ployed.

The merits of the oblique haul have been well
demonstrated by Winsor and Clark (1940). They
obtained a percentage standard deviation (coeffi-
cient of variation) for a single observation of
31 percent for oblique hauls, 53 percent for verti-

5 6 7 8 91
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DESCRIPTION OF PLANKTON NET SECTIONS
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Freure 2—Diagram and description of the l-meter net used in this investigation, showing genéral construction of
the net and method of attachment to the weight and towing lines.
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cal hauls, and 124 percent for horizontal hauls;
and they concluded that oblique hauls gave more
reliable and consistent results than vertical or
horizontal hauls. The more erratic nature of the
surface haul, as compared with the oblique, is evi-
dent from figure 4, showing the results of cruise 2,
on which both types of haul were used.

That the oblique and surface hauls made on this
cruise were not greatly different, however, is in-
dicated by a comparison of the volumes (cc./m.?)
obtained at 12 pairs of stations -(table 1, A and
C), the members of each pair occurring at approx-
imately the same latitude, but at a different longi-
tude (fig. 1, A). It may be shown that the mean
difference (0.00575 cc./m.?) between the paired
hauls does not differ significantly from 0 (P=0.4).
Therefore, the few surface hauls made on cruise 2
have been included in this report but have been
omitted from the statistical analysis dealing with
sources of variation and correlations with environ-
mental factors.

On cruises 2, 5, and 8, stations were visited
consecutively regardless of the time of day or
night. Because of this practice, the effects of
diurnal migration must be considered in an evalu-
ation of zooplankton abundance at any place and
time. Initially we had hoped, through the use
of the oblique tow to 200 meters’ depth, to nullify
to a large extent differences in the samples caused
by vertical movements of the plankton. That we
did not succeed is indicated by close perusal of
the tables of data, particularly for cruise 5 (table
9), and cruise 8 (table 4), comparing successive
day and night hauls. It will be seen that-usually
the night hauls produced a higher volume than the
day hauls. This tendency will be discussed later
in tlie section on sources of varigtion in zooplank-
ton volumes:

Another problem that adds to the difficulty of
estimating zooplankton 1bundance is the uneven
distribution of plankton organisms. This has
been referred to by many planktologists and is
emphasized by Haeckel (1890), Herdman (1923),
Gardiner (1931), Hardy (1936), Wilson (1942),
Riley and Bumpus (1946), Sears (1950), and
others. By our method of straining a large vol-
ume of water, averaging over 1,000 cubic meters
per haul, and of sampling in uniform fashion from
the surface to 200 meters’ depth it is assumed that
the variation in catch due to the uneven distribu-
tion of organisms is minimized.

The amount of water strained during each haul
was measured by a flow meter suspended in the
mouth of the net. Each flow meter was calibrated
by towing it over a measured course at approxi-
mately the same speed used in making the plank-
ton hauls. The flow meters were calibrated be-
fore and after each cruise, and the average of these
calibrations was used to compute the volume of
water strained in cubic meters for each haul dur-
ing that cruise. Within a limited range of tow-
ing speeds the number of revolutions registered
by the meter indicates the length of the water
column passing through the net; multiplying this
length by the area of the mouth of the net gives
an estimate of the water volume strained.

There has never been evidence of clogging on
any of the tows, possibly because of the relatively
coarse mesh used in the nets and the general pau-
city of plankton.

In making the tow, the net and a 7b-pound
streamlined weight were attached to the cable,
which was paid out slowly at uniform speed. As
the net was lowered, the length of wire out and
the angle of stray were recorded at 2-minute
intervals. As soon as a calculated depth of 200
meters was reached, the net was retrieved at a
slow, uniform speed. The wire angle and the
length of wire out were again recorded at 2-minute
intervals. At a towing speed of about 2 knots,
an oblique tow to a depth of 200 meters and return
required about 30 minutes. - A graph of depth
reached plotted against time (fig. 3) for 3 tows
made on cruise 5, shows that, for practical pur-
poses, equal amounts of time are spent at all
depths; i. e., assuming the towing wire represents
a straight line in the water, the net strains approxi-

.mately the same amount of water for each meter
" of depth passed through.
the towing wire does not actually describe a

It is recognized that

straight line during the tow, but the error caused

. by a slight curve is small.

When the net reached the surface at the end of

" a tow, it was lifted out of the water, suspended
. vertically from a boom, and washed down with a

hose. The plankton bucket was then detached,
and its contents were washed into an enameled
pan. Next, the sample was transferred to a
1-quart fruit jar, and sufficient formalin was
added to approximate a 10-percent solution. The
formalin was neutralized with borax. A com-
pleted label was placed in the jar.
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TREATMENT OF SAMPLES

The zooplankton collections received the follow-
ing treatment in the laboratory :

1. All fish eggs and larvae were removed. In
all cases these have amounted to a negligible frac-
tion of the sample and were omitted from the
volume measurement. .

2. Several portions of the remaining sample
were examined microscopically, and the various
groups of organisms were identified at least to the
order. Where possible without great expenditure
of time and effort, identifications were made to the
genus and species. A list of constituents was thus
compiled for each sample.

3. All organisms whose longest dimension was
greater than 5 centimeters were removed from the
sample. Such organisms occurred infrequently
and were not considered in the analysis.

4. By means of a splitting chamber the remain-
ing sample was then divided into halves; one-half
was labeled and placed in a reference collection,
the other was used for the organism counts and
displacement-volume determinations.

5. Inmaking the count, a given portion (usually
a fourth, occasionally a half or an eighth) of the
half reserved for this purpose, was placed in a
15 by 20 cm. counting chamber, thoroughly mixed,
and distributed as evenly as possible over the
entire cell area. Organisms between 2 and 5 cm.
in their longest dimension were enumerated in
counting-chamber fields 5 cm. square, without
magnification. For counting smaller organisms
(0.5 millimeter to 2.0 cm. in longest dimension),
the counting cell was placed over a Wolffhuegel
plate under a binocular microscope. Organisms
in this size category were counted in fields 1 cm.
square on the Wolffhuegel plate. Organisms less
than 0.5 mm. long were identified but not counted,
since the mesh of the nets employed was not suffi-
ciently fine to catch these forms quantitatively.
In counting organisms of all sizes, either (a)
enough fields were counted to yield a minimum
count of 100 for each type of organism, or (b) 10
fields were counted, whichever was reached first.
The estimated number of zooplankters of each
species or category in the total sample (minus fish
eggs and larvae and organisms larger than 5 cm.)
was computed by use of the following formula:

C-A
f.a.n

E=
where
E'=estimated number in total sample
C=counted number
A=area of cell
f=1fraction of total sample in the counting cell

a=area of field
n=number of fields counted

The estimated total number of zooplankters in
the sample equals the sum of E values, i. e., the
sum of the estimated numbers for each type or
group of organisms. The estimated number per
cubic meter of water was obtained by dividing
the estimated total number in the sample by the
cubic meters of water strained.

6. To measure the displacement volume, the half
of the sample used for the organism counts was
poured into a draining sock of 56xxx grit gauze
to filter off the preserving liquid. The drained
plankton was then placed in a 50- or 100-milliliter
graduated cylinder, depending upon the size of
the sample. By means of a burette a known
volume of water was added to the drained plank-
ton. The difference between the volume of the
plankton plus the added liquid and the volume of
liquid alone is the displacement volume or “wet
volume” of the plankton half-sample. This fig-
ure was doubled to obtain the computed volume
of the entire original sample (minus fish eggs and
larvae and organisms larger than 5 cm.). When
divided by cubic meters of water strained, this
gave the volume (in cubic centimeters) of zoo-
plankton per cubic meter of water.

The plankton counts given in this report, there-
fore, include those organisms between 0.5 mm.
and 5 cm., longest dimensions; the volume meas-
urements include all organisms in the sample less
than 5 em. in length, .

Almost all stations occupied on the four cruises
were in areas where the depth of water is 2,000 to
3,000 fathoms (roughly 4,000 to 6,000 meters).
By sampling to a calculated depth of 200 meters
(the actual depth attained was probably within
10 percent of this) we have done little more than
“seratch the surface.” No information was ob-
tained on plankton abundance and distribution
below the sampled depth. Therefore, we believe
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that our results are most properly expressed
in terms of organisms per cubic meter in the upper
200 meters of water. If an estimate is desired
of the areal abundance, i. e., the quantity of zoo-
plankton in a column of water 200 meters in
height and 1 meter square in cross section, it may
be obtained by multiplying by 200 the numbers and
volumes of zooplankton per cubic meter given in
tables 1, 2, 3, and 4.

COMPOSITION OF THE ZOOPLANKTON

Tables 5, 6, 7, and 8 show for each cruise and
station the percentage composition by number of
the 6 major constituents of the zooplankton. It
is evident that copepods—by number—were con-
sistently the most important constituent. The
chaetognaths usually were second in rank, fol-
lowed by the tunicates, euphausiids, siphon-
ophores, and foraminifers. At several stations
other groups, such as radiolarians, annelids, am-
phipods, ostracods, and pteropods occurred in
considerable numbers, but on the average these
animals formed a very small percentage of the
collections. As might be expected, the results
vary to some extent from station to station; but
when the data are summarized, as in table 9, there
is revealed a marked and surprising uniformity in
composition for the different longitudes and
cruises. The percentages -given are computed
from the sums of estimated numbers for all sta-
tions. Percentages by volume for the separate
groups were not determined.

The 210 samples include only a few instances of
swarming: Collections taken at stations 7 and
9, cruise 5, contained unusually high percentages
(60 and 58 percent) of foraminifers; the collec-
tion made at station 2, cruise 7, contained a high
and unusual percentage (51 percent) of hyperid
amphipods. In each case there was no marked
change in number for the other major constituents.

As all of our plankton stations were located
in the open ocean with very few within 100 miles
of land, the collections consisted primarily . of
such-forms as are permanently planktonic through-
out their lives (holoplankton), and contained very
few transitory young and larval stages (mero-
plankton) of bottom-dwelling forms such as
echinoderms, crabs, and clams.

TABLE 5.—Cruise 2: Percentage, by number, of siz major
constituents of zooplankton collections

[Values less than 1 percent omitted]

Chae- ;.| Eu- i i
i Cope- >~ | Tuni- :_| Sipho- |Forami-| Miscel-
Station No. | 1050 n';"tﬁm cata pl;:;‘sl nophora| nifera |laneous
A. Oblique tows
to 200 m. (1-
meter net,
30xXX mesh):
1 47 17 13 1 [ 3 I 17
35 19 31 4 2 1 8
64 10 1 6 2 17
65 14 4 6) 2 - 9
50 18 11 4 3 1 15
61 10 3 4 . 8 13
G2 15 3 6 ) 5 1
61 10 (] 3 4 11 5
55 19 11 4 2 3 6
62 2 3 [ 3 P, 1 7
66 16 2 7 LI (R 7
3 68 18 3 2 4 3 4
B. Oblique tows
to 200 m. (2-
meter net, 3{e-
inch mesh, rear
section 1SXXX
mesh):
2 62 4 14 2 16
.7 ) [— [} 6 32
56 (] 8 ] © 16
20 38 20 fueeaean 4
47 18 11 ] 10
44 13 9 4 2
36 15 8 13 18
67 12 3 4 9
62 17 9 4 6
67 . P 3 4
51 19 [caa-.. 3 7
19 21 4 12 36
C. Surface tows
(1-meter net,
30XXX mesh):
30 79 11 3 - 21 R FR. 3
65 12 [ ;N P i 4
53 10 10 14 2 1 10
54 21 [] 10 [cceeeo- ] 2
43 15 15 10 1 4 12
51 26 L8 P 2 2 3
51 9 24 2 5 3 6
0 5 7 6 3 1 8
76 8 2 5 2 5 2
68 10 2 2 1 9 8
47 19 21 1 3 [ 3
50 10 12 2 4 1 21
D. Surface tows
(1-meter net,
18XxXX mesh):
31 50 14
33 43
24 37
33 18
0 o0
57 (]
47 28
29 5
47 1
52 12
16 - 25
37 11

TABLE 6.—Cruise 5: Percentage, by number, of six major
. constituents of zooplankton eollqct-io-ns

[Values less than 1 percent omitted]

Chae-’ | Eu- i ; ;
i Cope- Tuni- ;| Qipho- {Forami-| Miscel-
Btation No. | v, n?t%;:l cata pl;?.ggl- noptiora) nifera | lanenus
53 4 9 [ 33 (— 10 19
44 4 6 | I I 6 30
58 . 6 8 5 3 2 18
- 85 7 11 1 2 21 23
46 5 8 6 3 12 20
41 7 3 12 & 20 12
25 4 L 2 2 60 4
52 1 .2 (R, 3 34 7
2 [ 3 2 1 58 8
66 11 6 b2 R ) 6
62 12 2 4 4 7 9
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TABLE 6.—Cruise 6: Percenlage, by number, of six magor
constituenls of zooplankten collections—Continued

Chae- Eu- : i | was
: Cope- Tuni- :_| 8ipho- |Forami-| Miscel-
\f - = .

Station No. | 1,04, “t;‘"tia cata pg‘(‘_g:’ wophora| nifers | laneous
73 8 3 1 8 [}
61 14 6 4 1 12
77 3 3 3 3 11
59 9 5 2 7 7
52 B 5 2 8 24
Qa7 5 3 4 4 15
55 11 8 3 10 11
[ 4 & 8 5 5
60 9 8 6 4 11
61 11 [} 6 1 14
56 ] 5 ] 10 10
&0 8 & 4 7 9
57 10 3 8 4 17
54 12 9 & 7 1
67 13 7 2 4 7
61 16 4 8 2 8
70 9 7 4 2 8
51 10 5 4 20
47 10 7 3 25
56 9 4 7 14
56 12 8 4 16
55 14 4 6 14
53 17 4 2 13
35 18 3 3 13
39 ] 7 -3 a5
50 8 7 4 16
52 5 [] 3 17
41 5 8 8 17
56 14 4 2 13
69 6 1 1 3
49 11 4 6 17
58 18 4 2 11
53 15 [} 3 11
61 13 2 2 8
63 al 9 6 8
G5 11 4 2 4
35 [} 31 1 B
58 2 5 1 4 10 20
58 8 ] 5 3 2 .18
51 4 10 b 5 3 22

TABLE T.—Cruise 7: Percentage, by number, of six maejor
constituents of zooplankton collections

[Values less than 1 percent omitted)]

Chae- Eu- . : .

T Cope- e | Tuni- ;| Sipho- [Forami-| Miscel-
Statlon No, puda nEf?t‘im cata pbq:z:l nophora| nitera | laneous
47 [] 4 4 5 7 27

24 5 2 5 2 2 60

51 13 1 8 [4 14

51 12 16 4 1 [ 10

57 7 10 3 5 7 11

59 21 4 2 e 11 3

56 12 3 4 4 [ 15

68 11 5 § 4 2 5

63 9 5 2 2 2 12

73 (] [ ) PR— 1 2 8

€0 8 U 3 R— 3 2 12

75 6 8 3 4 1 5

63 8 6 2 10 3 ]

78 4 3 2 2 2 9

52 24 4 4 3 2 11

63 11 2 2 4 5 13

b5 17 4 4 4 ] 10

Al 12 4 2 7 3 “11

60 18 2 1 b 2 14

64 14 2 3 7 Jecmmnaas 10

60 12 7 4 6 1 10

66 8 2 3 [ J) O 15

62 14 5 5 3 1 10

62 6 11 5 4 2 10

251381—53: 3
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TABLE 8.—Cruise 8: Percenlage, by number, of siz major
constituents of zooplankton collections

[Values less than 1 percent omitted}

Chae- Eu- : N

: Cope- Tuni- 8ipho- |Forami-| Miscel-
Statien No. poda n?t s | cata pl;:g:l- nophora| nifera |laneous
36 10 i1 9 [+ I 27

- 52 11 10 3 -7 IO 16

- 49 10 12 2 10 13 4

- 70 [] 4 4 1 7 8

- 53 11 2 3 3 11 12

- T 64 9 3 2 6 8 8

- 60 4 19 3 3 4 7

- i1} 4 6 3 9 8 []

- 58 4 4 8 2 12 14

. €3 5 1 10 4 4 13
- 59 10 4 7 4 3 13
- 56 16 2 11 2 2 11
- 61 14 2 7 1 2 13
- 58 12 4 4 7 4 11

- 49 16 3 ] [} 7 14

- 85 10 6 6 3 P 10

- 58 11 4 8 3 2 14

- 54 14 4 3 6 9 10

. 52 16 2 13 4 3 10

- 53 20 9 [ 3 EO. 3 6.
.......... 3 21 3 [ JX P 3 8
........... 51 17 2 11 3 6 10
........... 59 17 12 4 2 4 2
........... 66 20 8 |ocaaaeas : J [ 3
......... 64 8 4 8 [ T [ 12
......... 56 22 8 3 [ 7} [ 7
_____ 84 14 4 6 I3 PR 7

- 55 18 8 7 6 o - 9
- 57 19 4 3 4 2 11

- 50 22 2 10 5 1 10
_____ 68 - 20 T 11 : 7 (R 10
......... 74 11 2 4 ) O PR 8

- 66 12 3 8 1 . 10

- 56 19 4 9 2 10
- 59 2 .. 10 4| e 4

- 59 10 10 5 b3 P 13

- 82 17 7 1 4 3 [

- 62 12 5 6 3 2 10

R 58 17 6 6 |73 13

- 54 22 7 2 1 4 10

- 51 13 -3 2 b 3 PR 22
........... 56 26 2 11 2 1 8
........... 64 13 3 2 4 2 12
_________ 58 14 & 9 3 3 8
__________ 59 12 3 9 4 4 ]
......... 63 21 8 2 ) N R )
_________ 61 [} 7 7 5 4 10
......... 56 19 & 2 2 2 14
......... 47 18 2 2 4 7 20
......... 67 8 3 6 3 3 10
......... 62 18 L 1 4 2 9
........... b3 10 4 7 8 3 15
........... 55 11 2 [ 9 2 15
......... 60 22 8 2 1 2 [
......... 55 24 10 6 2 |ocemeaaa 3
..... 87 11 1 8 2 |eceaaa 10

- 51 24 9 5 2 P 8

- 43 6 3] 9 14 1 22

- 55 7 6 1 11 4 16

- 66 12 5 3 7 1 [i]

- e ] 7 3 2 F: 2 [ 10

. 65 16 & 5 - 3 [ 6

..... 7 10 1 3 2. [
........... 59 19 .. 9 p N IR 11
€8 10 6 1 2 2 11

_________ 51 19 12 2 b Ui 2 A, 5

- 55 27 4 [ PR U, 8

. 54 19 5 [ 5 1 10

- 61 17 5 4 6 1 18

- 49 17 7 3 4 5 15

- 60 10 5 6 3 3 13

- 46 15 10 3 5 2 19

- 47 17 4 7 9 2 14

- 70 10 1 5 [ PR 9

- 56 18 7 4 5 4 [}

- 72 [ 3 4 3 2 10

- 72 7 7 k() USR . 5

- 53 17 10 2 4 8 [

- 59 9 10 5 4 | 12

- 55 13 6 5 4 4 13

- 43 ] 18 1 9 2 21

- 57 9 11 4 8 10

- 54 14 1 9 2 19

. 67 2 9 3 f 13

- a7 11 8 1 5 10

- 70 4 4 3 3 11
............... 49 i 15 9 5 15
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TABLE 9.—Percentage composition, by numier, of the six major constituents of the zooplankton collections, by cruise and

longitude
Cruise 2 . Cruise 5 o(c‘{llll\sreoz, Cruise 8
Jan.-Feb. 1950 June-Aug. 1950 1050 Jan.-Mar. 1951
Major constituents
1720 W1 158° W.2 Tatal 17° W3 158° W. Total 158° W, 172° W4 158° Wb Total®
Copepoda. 5%.9 56.2 57.4 56. 3 53.0 54,9 60, 2 58.6 58.0 58. 4
Chaetognatha. 18.7 14.0 15.2 " 8.3 10.0 2.0 12.0 12. 4 12.2 13.5
Tuniecata__.[__ 5.6 8.2 7.1 5.6 5.6° 5.6 4.7 6.1 5.3 5.3
Euphausiacea. 3.9 a1 6.8 4.9 3.5 4.3 3.0 4.6 5.9 5.6
Siphonophora. 4,2 2.9 3.5 5.0 3.4 4.3 4.3 5.2 4.0 4.3
Foraminifera._ 2.5 1.3 1.8 7.7 9.9 8.6 3.0 L6 4.8 2.5
Miseellaneous. ... ..o._. 8.2 8.3 8.2 12.2 14.6 13.3 12.8 1.5 9.8 10, 4

i satons Lo,

e satens Lo 2,

& Includes statlons 1 to 26.

¢ Includes stations 1 to 106, all longitudes.
" The uniform composition of the zooplankton,
as shown by our measurements, indicates the ex-
istence of a stable ecological balance among the
various components of the plankton and between
them and their environment. This uniformity,
or stability, is doubtless the result of a complex
interaction of factors. The physical and chemi-
cal factors of the environment throughout the
range sampled are rather homogeneous and, per-
haps while capable of effectings differences in total
abundance of organisms, do not provide sufficient
variations to promote major differences in the
composition of populations. The relative absence
of irregularly occurring swarms of larval and
adult forms may account for some of the uni-
formity. It is reasonable to assume that, despite
the great species differences that may occur (Wil-
son 1942), there is a particular niche in this eco-
system of the tropical and subtropical Pacific
which will support a certain number of copepods,
and another which will accommodate a certain
number of chaetognaths, and so forth. The uni-

forniity of the data on plankton composition also

argues that the collecting method and its uni-
formity of application were appropriate for pro-
ducing repeatable results.

ZOOPLANKTON AS FOOD

It is generally recognized that neither an enu-
meration of organisms present nor a total-volume
measurement shows the actual food value of a
plankton sample. Food value could be estimated
by chemical analysis of each sample, but this pro-
cedure is hardly practical when large numbers of
samples must be examined. Sufficient work has
been done on'the chemical composition of the ma-
jor zooplankton types to show that they vary

widely in nutritive value among types and even
within types for different localities.

According to Bigelow and Sears (1939), the .
separation of the crustaceans and chaetognaths
from the other types of zooplankton permits an
approximate division of the zooplankton into (1)
more nutritive forms which may be important as
fish food and (2) forms of little or no nutritive
value, such as the tunicates and siphonophores.
In our collections, the crustacean-chaetognath
group averages 70 to 80 percent by number.

Nakai (1942) has shown that plankton animals
from the southern part of the Sea of Japan gen-
erally contain less fat than those of northern areas.
The inference is made that in the warmer waters
to the south, the scarcity of phytoplankton, par-
ticularly of diatoms with their rich oil reserves,
prevents the accumulation of fat by the zooplank-
ton. Clarke (1940) found that in the western
Atlantic the plankton of coastal water had a
higher percentage of organic matter than that of
continental-slope or Sargasso-Sea water. Sub-
tropical plankton in general had a low organic
content. It is possible, therefore, that while
three-fourths by number, and a smaller fraction
by volume, of the zooplankton of the central Pa-
cific is theoretically nutritious, its actual food
value in calories may be less than for similar or-
ganisms of higher latitudes.

The Pacific Oceanic Fishery Investigations is
conducting a study of the food of tunas. The
results to date show that a variety of zooplankton
forms are utilized directly as food by these fish.
For example, representatives of the following
groups have been captured in our plankton nets
and have also been found among the stomach con-
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\
tents of maturing and adult yellowfin tuna (Re-
intjes and King 1953) :

mysids brachyuran larvae
euphausiids - heteropods
amphipods pteropods
stomatopod larvae cephalopod young
shrimps tunicates '
palinurid larvae fish young

References have been previously cited (p: 111)
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emphasizing the importance of plankton in the
food of juvenile tunas.

ABUNDANCE OF THE ZOOPLANKTON

Estimated numbers and volumes of zooplank-
ton, times of sampling, and amounts of water
strained, are given in tables 1,2, 3,and 4. Varia-
tions in abundance with latitude are demonstrated
by the histograms of figures 4, 5, 6,7, and 8. The
results are briefly summarized in tables 10 and 11.

TaBLE 10—Areas of greatest abundance of zooplankton, by eruise and longitude

Cruise 2 Cruise § Cruise 7 Cruise 8
Zooplankton -
172° W, 158° W. 172° W, 158° W. 158° W. 172° W. 158° W.

Greatest estimated number/m.3._________ 109 83 107 a3 75 73 90
Latitude of greatest estimated number. .. (° 5° 8, 1° 8. 3° N. 2° N. 1° N. 1° 8.
Greatest displacement volume, ce./m.J3. .. . 0826 L0911 L0742 . 0880 L0741 . 0548 . 0666
Latitude of greatest displaccment volume. 0° 1° 8. 1° 8. 0° 2° NJ 2° N, 5° 8.
Boundaries of rich area (estimated num-

bers) 3° N.-5° 8. 4° N.-3° 8. 5° N.-0° 6° N.—2° N. 6° N.-1° 8. 1° 8.-6° 8.
Boundaries of rich area (displacement

volumes - 3° N.-1° 8. 1° N.-3° 8. 5° N.-0° 6° N.-2° N. 5°N.-1° 8, 1° 8.-5° 8.
Latitudinal range of collection. 19° N.-5° 8. 27° N.-5° 8. 21° N.-5° 8. | 20)4° N.-2° 8. [21°N .-1433° 8. 21° N.-7° S.

1 8ample at 16° N. latitude was greatest in volume but was atypical, as it contained a highly unusual number and volume of amphipods. (See table 3.)

TABLE 11.—Nwunthcrs and volumes of zooplankton organ-
iems us related to equatorial currents and latitudes

[Data from the six major sections of cruises 2, 5, and 8, which crossed the
Equator on 158° and 172° W, longitude}

Zooplankton organ-
isms
. Number _
Current Latitude | of obser-

vations | Average | Average

number | volume,
per m.2 | cc. per m.2
North Equatorial Current...| 27°-18° N. 14 28 0.0184
17°-11° N. a7 25 L0176
Countercurrent. .. ..._____.. 10°-6° N. 25 32 . 0255
South Equatorial Current....| &°-1° N. 25 53 . 0430
Equator 5 73 . 0605
19=5°8, 25 46 L0373
6°-14° S. 8 34 L0175

In general, at the time and through the range of
Iatitudes sampled (27° N. to 14° S.), the greatest
abundance of zooplankton was found in the re-
gion of the Equator, between 6° N. and 5° S. lati-
tude. The latitude of peak abundance varied with
longitude and cruise. Although not evaluated
statistically, there appears in all sections a strik-
ingly ‘parallel variation between the estimated
number for each sample and the displacement vol-
ume, Because of the disparity in size among the
different kinds of zooplankton organisms, num-
bers are much. less meaningful indicators of pro-
ductivity, or available food, than sample volumes;
therefore, our statistical studies have been based
solely on volume determinations.

When the varying abundance of zooplankton is
reviewed in. respect to the presence or absence of
a convergence north of the Equator, certain inter-
esting relationships are indicated :

1. When a well-marked convergence is present,
the rich zone of zooplankton appears to lie be-
tween the Equator and the convergence to the
northward (fig. 4, left panel; fig. 5, right panel).
The eastern section, cruise 2 (fig. 4, right panel)
on which only surface tows were employed, does
not conform to this generality. Much of the ir-
regularity in this section, however, is due to dif-
ferences between samples taken by day and by
night. ' -

2. The northern boundary of the rich zone is
practically demarcated by the position of the con-
vergence—when it occurs.

3. When a well-marked convergence is lacking,
the peaks of abundance—both in number and vol-
ume—occur south of the Equator (fig. 5, left
panel; fig. 7, right panel).

4. The cruise-S hydrographic data are not as yet
completely processed and the presence or absence
of convergences has not been determined for all
sections; however, there is no evidence of a con-
vergence along 158° W. longitude (fig. 7, right
panel).
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EFFECTS OF THE EQUATORIAL CURRENT SYSTEM

The general pattern of the Pacific Equatorial
Current system has been desceribed by Sverdrup,
Johnson, and Fleming (1942, pp. 708-712).
Cromwell (1951 and unpublished ms?), on the
basis of recent investigations by this laboratory,
suggests certain modifications in the generally
accepted ideas pertaining to the details of the cir-
culation. The existence of the equatorial diver-
gence with resultant upwelling of nutrient-rich
water, as demonstrated by the Carnegie section of
1929 (Sverdrup, et al. 1942), is substantiated by
the researches of this laboratory. The presence
of a second major divergence at the northern
boundary of the Countercurrent has not been con-
firmed, however. Cromwell concludes, on the
basis of the information obtained on three cruises
(2, 5, and 8) of the Hugh M. Smith, that there is
no evidence that any enrichment of the surface
layer—as a result of upwelling accompanying a
divergence—is occurring at the boundary between
the North Equatorial Current and the Counter-
current.

On cruise 2, a sharp temperature discontinuity,
together with a local deepening of the thermocline,
was found to occur at about 2° N. latitude on
the western section and at about 414° N. latitude
on the eastern section (fig. 4). These conditions
indicate the presence of a convergence or “front”
(Cromwell ms.) in the surface currents. The
northern boundary of the South Equatorial Cur-
rent was discernible at 534° N. latitude on the
western section, but was not well defined on the
eastern section. The convergence near 2° N. lati-
tude was entirely within the South Equatorial
Current and, therefore, was not associated with
the boundary of this current and the Countercur-
rent as indicated by Sverdrup, et al. (1942, pp.
710, 711) and Arrhenius (1950). A well-defined
convergence, as demonstrated by a marked tem-
perature discontinuity and a deepening thermo-
cline, occurred at 414° N. latitude on the eastern
section of cruise 5 (fig. 5) and again was entirely
within the South Equatorial Current. An exam-
ination of the data from the oceanographic cruises
(tables 6 to 8) indicates that the convergence was
more pronounced in certain sections than in others
and in some it was not strong enough to exhibit
the usual signs and may have been entirely lacking,

3 Circulation in a meridional plane in the central equatorial
Pacific.

thus permitting the inference that it is shifting
and transitory in nature.*

Newly upwelled water is at first poorly popu-
lated as regards both phytoplankton and zoo-
plankton (Steemann Nielsen 1937). The latter
does not benefit directly from the nutrient-rich
water but must await the development of a phyto-
plankton population. In a region of fairly rapid
currents, the phytoplankton maximum and the
more slowly developing zooplankton maximum
would be expected to occur at a considerable dis-
tance from each other both in time and space.
Steemann Nielsen (1937) reports that in Iceland
waters, when conditions for phytoplankton change
from bad to good, the capacity for rapid reproduc-
tion in phytoplankton enables a few specimens to
establish a rich population in 10 days; large
quantities of zooplankton do not show up until
about a month later. 'We are not aware of similar
population-growth data for the tropics, but we
can safely assume that the rate of development
here would be considerably more rapid. Never-
theless, it is surprising that in our sampling we
found the zooplankton maximum frequently oc-
curring on or very near the site of the upwelling.

Since the days of ‘Hensen and the German
Plankton Expedition of 1889, tropical seas have
been considered less productive than those of
higher latitudes. Explanations for this are
usually based on the theory that in the tropics
surface heating results in a stable stratification
of the sea, thus preventing any vertical mixing
by convection which would bring nutrients to the
euphotic zone (Delsman 1939; Graham 1941;
Sverdrup, et al. 1942, p. 942; Arrhenius 1950).
Such thermal stratification does apparently exist
throughout much of the tropical, subtropical, and
temperate Pacific in areas removed from land
influence.

It was learned from the last cruise of the Cur-
negie in 1929, that these generally stable dynamic
conditions are disrupted at the Equator by a strong
divergence which is accompanied by upwelling.
The latter was considered responsible for the en-
richment of the surface layers and the production
of much higher concentrations of plankton than

4+ The Equatorial Current system is considerably more complex
than indiecated here. Details of the circulation at the divergence
and the convergence and the causal forces involved, are presently
being studied by members of this organization and the Scripps
Institution of Oceanography.
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were found in subtropical and temperate latitudes
(Graham 1941). The frequently appearing con-
vergence at 2° to 5° N. latitude also contributes
to this apparent greater abundance of life in the
equatorial region. Floating organisms with high
buoyancy undoubtedly congregate here just as
driftwood does along a current rip or other dis-
continuity zone; zooplankton capable of resisting
the downward currents would also tend to con-
centrate in the surface layers. When a strong
convergence has persisted for a sufficient length
of time, an area of relatively high-plankton abun-
dance should result, providing rich pasturage for
plankton-feeding animals.

The unusual abundance of marine life in the
equatorial region has been observed by many ex-
peditions and world travelers while crossing the
Pacific. Agassiz and Mayer (1902), in their re-
port on observations and collections of the A7ba-
tross in the tropical Pacific, state,

In fact it is evident that pelagic animals are mnot

abundant in regions far from large land masses or where
there are no well-defined cceanic currents or counter
currents. As soon as one approaches the region of great
currents or counter currents, or the coasts of continents
and larger islands, the number of animals increases with
remarkable suddenness.
Beebe (1926) describes masses of floating debris
and the associated wealth of life in a current rip
some 200 miles southeast (between 8° and 4° N.
latitude) of Cocos Island in the eastern Pacific.
Brooks (1934), in reporting his observations on
certain relationships between ocean currents and
birds, asks why it is that on ocean voyages day
after day goes by and no birds or marine life are
seen and then suddenly one passes into an area
teeming with life. He observed that, as his vessel
neared the Equator from the north, bird life in-
creased greatly, as did other marine life such as
flying fish, sharks, and whales; then as he crossed
the Equator, the zone of abundant life was left
behind.

Revelle (1944) points out the agreement be-
tween the southern boundary of the Countercur-
rent and the northern border of the Pacific Globi-
gerina ooze area. In reporting on results of the
recent Swedish Deep-Sea Expedition, Arrhenius
(1950) states in respect to the Pacifie,

The biogenous component and simultaneously the rate
of sedimentation increases strongly below the conver-
gence where a biolith, rich in fossils of foraminifera